INTRODUCTION
For several decades dental resin-based composites (RBC) have been one of the most commonly used materials for fillings and other dental applications (e.g. adhesives, sealants, crowns, bridges, fixing cements) [1, 2] . They consist of two basic parts -the resin matrix and filler particles. Since 1965, following the Bowen's resin introduction, this resin (called Bis-GMA) is the most important component of the organic matrix. Full name of Bis-GMA is 2,2-bis[p-(2'-hydroxy-3'-methacryloxypropoxy)phenyl]-propane.
Due to the high viscosity of Bis-GMA, another monomer (co-monomer), like hydroxyethyl methacrylate (HEMA), triethylene glycol dimethacrylate (TEGDMA) or other, is usually added. It allows to reduce the viscosity of the organic matrix by the dissolution the Bis-GMA in co-monomer. Different aluminum-silicate glasses most often play the role of the filler in these composites [1, 3] . RBC show several advantages in comparison with other groups of dental fillings, e.g. low polymerization shrinkage [2, 3] , low coefficient of thermal expansion, good mechanical properties [3] , ability to cross-linkings [2] , high level of aesthetics [4] . The addition of the filler is designed to improve the mechanical, biological, chemical or physical properties of RBC.
Additionally, incorporation of fluoride component (or other anti-microbial substance) into matrix cause permanent fluoride release increasing cariostatic activity of the filling [5] .
Hydroxyapatite Ca 10 (PO 4 ) 6 (OH) 2 (HA) is a natural constituent of bone, dentin and enamel. Therefore, its application as a component of dental composites appears to be logically reasonable [6] . Some authors suggest that hydroxyapatite-reinforced RBC may be better than this commercial available because of the lower price of HA 4 (compared with traditionally used fillers) and possibility of improvement the mechanical properties of filling by this material (less wear) [7, 8] . Another interesting feature of HA is that it is considered to be bioactive (not only biocompatible), what can be beneficial in the context of the release of calcium and phosphorus ions. These ions are responsible for the remineralization of enamel and the restoration of the mineral part (apatite) of the tooth [9] .
Two important factors in the application of dental fillings are their behavior and stability in the human mouth environment. We have selected several fluids simulating the natural conditions. This group can include such liquids as artificial saliva, foodsimulating solutions and so popular beverages as tea or coffee. Sorption, solubility, and mass changes during use are important predictors of the suitability and durability of dental materials. These parameters indicate the degree of absorption and dissolution of the material in the fluid used in given experiment. This allows to determine the total mass change which occurs during the experiment as well as to estimate the direction of these changes (whether the sorption or degradation is predominant). This test will allow the investigation of the material behavior under conditions similar to natural ones occurring in human mouth. The applied procedure will also enable to define the type of solution which has the greatest impact on the material stability. Determination of these parameters in the above solutions at 37 °C may bring the useful information about stability of examined system [10] [11] [12] . Many factors, like filler type, curing time, type of used solution and storage time may affect the value of the determined parameters.
Examination of all possibilities is time consuming, so it was decided to extract the factors responsible for the variability of the properties of studied materials. The aim of this paper is to use the analysis of variance (factorial ANOVA) and Principal
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Component Analysis (PCA) to estimate which one of these factors are most important (provide the largest changes) and which one can be ignored. ANOVA is able to determine the influential factors; PCA is used to detect similarities between samples, and variables describing the stability.
EXPERIMENTAL Materials
Dental filling samples were prepared using 2,2-bis[p-(2'-hydroxy-3'-methacryloxyprop- Table 1 .
Storage solutions
The composition and function of all storage solutions used in this work for storage of the examined samples is given in Table 2 . Coffee solution was prepared by dissolving 1 g of coffee in 125 ml of hot water, while black tea solution was made by placing a tea bag in 125 ml of hot water for three minutes.
Sample preparation
Samples (70; 35 for each curing time; 5 for each solution) were prepared in a PTFE mold (Ø 15 mm, thickness 1 mm -according to ISO 4049 [14] ), covered on both sides 6 with PET foil. The curing process was carried out in 30 or 60 s (both sides) with two LED lamps (HILUX Optimax, 81W) emitting blue light of wavelength 470 nm (maximum absorbance of camphorquinone).
Storage conditions
After curing each sample was weighed (in air -m 1 and in water -m w1 ) and placed in 10 ml of storage solution (5 samples for each solution). After 7, 14 and 28 days of storage in 37 °C samples were dried on surface by tissue (to remove water adsorbed on surface) and weighed (in air -m 2 ). After these samples were placed in dessicator and weighed till constant mass was obtained (m 3 ).
Sorption, solubility, mass changes
Sorption for each of tested solutions was calculated according to equations:
while the solubility was calculated based on following formulas: V m m Sl
where V is the volume of sample calculated from the density determined by pycnometric method:
where d 0 is the density of water (at temperature of measurement) [g/ml].
Finally, mass changes were calculated according to equation (6): These magnitudes are significantly correlated at the 0.05 level, (cf. Table 3 ).
The only exception is Sp 1 , which does not correlate with Sl 1 and Sl 2 significantly.
Our aim was also to determine which factor characterizes the mass changes at best.
Chemometric methods

Variance analysis (ANOVA)
A full factorial experimental design reveals the influence of various factors on the sorption, solubility and mass changes, namely: curing time (30 or 60 s), the effect of solvent (water (w), SAGF (s), 10 % ethanol (e), 3 % acetic acid (a), heptane (h), tea (t), coffee (c)) and storage time -7, 14, and 28 days.
8
Although the model matrix (X) in a full factorial design is not singular: X'X can be inverted and the coefficients calculated. The significance of coefficients cannot be tested due to the lack of redundancy. Therefore, it is necessary to sacrifice of the third order interaction (curing time, storage time and type of storage solution). We should keep in mind that the influence that one factor has on the response depends on the value of the other factors.
ANOVA is a method for assessing effects of categorical factors and their interactions.
At the same time it gives a model for these effects, for this reason it is a member of the General Linear Model (GLM) family [17] .
Principal Component Analysis (PCA)
PCA is a projection method and dimension reduction of the data what can be achieved using a smaller number of principal components (PCs) than that of original variables. grouping of the data has to be known before the analysis. Still the data structure can be revealed easily and class membership is possible to assign in many cases.
PCs are uncorrelated and account for the total variance of the original variables. The first principal component accounts for the maximum of the total variance, the second is uncorrelated with (orthogonal to) the first one and accounts for the maximum of the residual variance, and so on, until the total variance is accounted for. For practical reasons, it is sufficient to retain only those components, which account for a large percentage of the total variance.
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PCA will show which variables and objects (samples, fillers, etc.) are similar to each other, i.e. carry comparable information, and which ones are unique.
The algorithm of PCA can be found in standard chemometric articles and textbooks [15, 16] 
RESULTS
Mean values of sorption, solubility and mass changes for all of examined samples after 7, 14 and 28 days storage in different solutions are given in Table 4 . PCA scatterplot is presented in Figure 6 . The solution effect is observed. The storage solutions can be grouped into three main groups, i.e. group A: distilled water, SAGF, 10 % ethanol, tea, coffee; group B: 3 % acetic acid and group C: heptane.
The nature of these solutions determines positions of corresponding points in the Figure   6 .
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Effects of curing and conditioning times can be differentiated in PCA score plots. Figure 7 shows the effect of curing time with focus on every group of storage solutions.
The points corresponding to curing time for either 30 or 60 s are connected by a line.
For samples conditioned in acetic acid (group B) and heptane (group C) two lines corresponding to the different curing times can be seen in Figure 7 .
The effect of storage time is shown in the [18] ), which is much greater than that used in our experiment (according to EN ISO 4049 [14] ). This can lead to generation of significant error and therefore high variability of the measured parameter. In such a case it is appropriate to use parameters which are not loaded by large error (Sp 2 and Sl 2 ).
All results show that the examined material has the greater sorption (Sp 1 and Sp 2 ) of the solutions from group B (3 % acetic acid) and group A ("aqueous solutions" -distilled water, SAGF, 10 % ethanol, tea, coffee) than from group C (heptane). Examined material is the most soluble in 3 % acetic acid, while in the "aqueous solutions" the solubility (Sl 1 and Sl 2 ) values are negative. It means that the samples placed in the parameter for several experimental and commercial dental fillings. Skrtic et. al. [9] investigated the sorption for several dental composites based on amorphous calcium phosphate and organic resin, after 30 days in 75 % relative humidity air atmosphere. %, which is in the accordance to our results [22] .
The solubility of the examined material in distilled water is in the range of -0.92÷0. cements, which are used as a dental fillings. These values are in the range of -4÷4 and -1÷7 % for distilled water and artificial saliva, respectively [23] . The values obtained for our composite are comparable with these mentioned above.
CONCLUSIONS
Analysis of the variance (ANOVA) and principal component analysis (PCA) suggest that the conditions of preparation and storage influence the stability (measured as a sorption, solubility and mass changes) of dental fillings at most. The type of storage solution has the main impact on the stability of hydroxyapatite-containing dental composites. The greatest variability of sample properties occurs in 3 % acetic acid.
These fillings are least stable in acidic environment (e.g. acidic foods). The largest 34 Figure 8 
